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Suvpersymmetric Grand Unified Theories

M, ¢ AA

Explains charge quantization € Families
Unification of qavge couvplings

YuKawa covpling unification

+ Tamily symmetry= fermion mass hierarchy
Nevtrino masses via See-Saw

LS - dark matter candidate

Baryogenesis via leptogenesis

SUSY desert ™ LHC probes physics at M,
SUSY GUTs “natural extension of SN
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Grand Unification - SOL10) GUT
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Proton decay - dim 6 operators
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Proton decay - dim 4 operators
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Z., matter parity excludes dim 4 operators
F—>-F, H>H
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Proton decay - dim 5 operators
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c ~ Yukawa couplings
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Dim 5 B £ L violating operators

i QQ; Qe Ly + iU U D E,

r( p— K*\j) > 2.3x10% years
~ ( %—C’>)><1O3‘1 years Theory

k2| = I\;fff % < 107 GeV™!
T

o - 14




Wost complete 4D SUSY 6UTs

“From minimal to realistic supersymmetric
SUH) grand vnification”
Altarelli, Feruglio £ Masina
JHEP 001i1(2000)040

“Constraining Proton Lifetime in SO0
with Stabilized Dovblet-Triplet Splitting”

Babu, Pah £ Tavartkiladze
JHEP 1006 (2010) 084
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S
’roblems of SUSY GUTs
= GUT symmetry breakKing
= Higgs douvblet-triplet splitting
Missing partner mechanism  SU(H)
W o 75°+M 75°+ H, 75 Hyy + Ha 75 Ho + X Ho Hy,
Missing VEV mechanism  S010)
W S 45¢+M 45" + X(16 16) +F (X )

+16'(S45+S,) 16+16'(S45+S,) 16'+104510'+ X ' (10")’
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Orbifold GUTs in 5 or © dimensions

GUT symmetry breaking
Doublet-Triplet splitting

K'awamora; Hall £ Nomora; Contino, Pilo, Rattazzi
€ Trincherini; Altarelli, Feruglio &€ Aasing;
Dermisek € AMafi; H.D. Kim £ Raby; Asaka,
Buchmuller £ Covi; Lee; Hebecker € Alarch-
Russell; H.D.Kim, Raby £ Schradin



Hall & Nomura SU5) GUT on AN x S/ (Z, x 2D

GUT symmetry breaking

b-t Yokawa| Higgs D-T splitting

onification via orhifold BCs
10 +j§ [st £ 2nd
37 family famt ies
in bulk \
Brane states 'gUPPI‘BSS
0 <R |proton decay

SU(5) Bulk states sM
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5D Orbifold
GOT
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M\ ~ 1/miR £ M\ { M\, Dienes et al, Hall £ Nomura,
Kim £ SR, Feruglio et al.
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Orbifold GUTs |
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GUT breaking via Orbifold “Parity”

Higgs doublet - tripl
NO proton decay via

et splitting via Orbifold “I°”
Dim 5 operators

dve to R symmetry (model dependent)
Proton decay via Dim © operators can be
svppressed, BUT typically enhanced

Matter localization

R e e ——

(model dependent)
determines YuKawas
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= 5 dimensional orbifold GUTs
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UV completion

Orhifold GUTs in 5 or © dimensions

Derived from heterotic string in [0 D

Kobayashi, Raby € Zhang; Forste, Nilles,
Vavdrevange € Wingerter; Buchmoller, Hamaguchi,
tebedev € Ratz; JE Kim, JH Kim £ Kyae;
Buchmuller, Ludeling € Schmidt; Lebedev, Nilles,
Raby, Ramos-Sanchez, Ratz, Vavdrevange &
Wingerter
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Road to the ANSSAA with R-parity
Lebedev et al. — 0708.26%(hep-th)

find 15 models from orbifold compactification
of E(B)XE(8) heterotic string

AMSSAA spectrum at low energy
Exact R parity

Light Higgs

Noun-trivial charged fermion masses
Nevtrino masses via See-Saw
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Compachify E(8)XE(8) heterotic string
on (TD3/(Z;xZ,) + Wilson lines ( A, Aj)

€3
G2 root lattice SU(3) root lattice SO(4) root lattice




Compachify E(8)XE(8) heterotic string
on (TD3/(Z) + A, only (R
=) <U(6) orbifold GUT
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Table 1: Spectrum. The quantum numbers under SU(3) x SU(2) x [SU (4)
SU (2) ] are shown hypercharge and B L charge appear as subscript.
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Conclusions

Evolution of SUSY GUT fNodel Building

Bottom vp
" 4D SUSY GUT + family symmetry
test predictions via global analysis
= Lft to 5D (or 6D ) orbifold GUT
Top down
= Derive from heterotic string,
A or £ theory ‘inciu«ies Gravity !!‘
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Problems with String constructions
1 problem - Why is pu << 0, 222

Dimension 4 proton decay is
vnsvppressed !!!



Unique ZE symmetry

Lee, Raby, Ratz, Ross, Schieren,
Schmidt-Hoberq £ Vavdrevange
arXiv:/009.0905 (hep-ph)
arXiv:ll02.3595 (hep-ph)
K'appl, Peterson, Raby, Ratz, Schieren
€ Vaudrevange
arXiv:il012.4574 (hep-1h)
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SO(10)
O = Ui
Gio = Uy,

Ay, G,
0 0
q5 — ql = 1
Ou, = 0
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Good

R parity viol.

L term
proton

decay 34



W, =YJH L, E. +YJH, Q D, +Yu”HuQin
+Ki§°>Hu LH, L,

W=W + AW,

on— perturbative
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(¢ : matter superfield i - matter superfield ,
Higgs superfield .

i-0,

Higgs superfield

3 1.42n

AW, = ex 872
v ep( 1+ 2v
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E(B)XE(8) heterotic string compactified
on (T2° /(Z,xZ,) orbifold w/ Z

K'appl, Peterson, Raby,
Ratz, Schieren £
Vavdrevange

NPB 847, 325 (201D

Two light
tamilies on
<000} fixed pts

R IR =



E(8)XE(8) heterotic string compactified
on (T%)3/(Z,x Z,) orbifold

exact MSSM spectrum

F=D =0 verified

Z comes partially from the Lorentz
symmetry of the internal dimensions
u=0 dueto Z;

gauge — top Yukawa unification
non-trivial Yukawa matrices

local SO(10) gauge symmetry

D(4) family symmetry 30



Conclusions
Top down dnalysis, ie. Embed SUSY GUT
in String Theory
a) Need to have u << A,
b} Need to suppress dimension 5 operators
) ZE symmetry £
Proton decay via Dim 6 ops. dominates

= D> noe'

Proton decay rate typically enhanced !!!
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